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removed, whereas, Borawa et al. {1979) reported 
opposite trends. 

Studies of shifts in fish assemblages following 
changes in plant coverage have produced conflicting 
results. Most studies are based on indirect measure­

of causal mechanisms regulating fish popula­
tions (e.g., Kushlan 1974; Freeman et al. 1984; 
Gregory and Powles 1985), which may lack the 
precision required to determine important fish­
habitat relationships in vegetated areas. Conse­
quently, proximate habitat factors and fish behav-

. ioral responses are seldom quantified. 
The choice of scales for observing natural inter­

actions must be a primary consideration in study 
design. Large-scale measurements generally have 
low resolution but are inherently stable whereas 
small-scale, site-specific measurements have high 
resolution and low stability (Busch and Sly 1992). 
We suggest that vegetated water bodies be viewed 
and described by first studying their individual 
parts. Through integration of the parts, biological 
processes can be defined. This approach is analo­
_gous to patch analysis. However, few attempts have 
been made to define and quantify habitat variables 
at a scale important to fishes. Microscale measure­
ments have been used to quantify fish habitat in 
streams (Orth and Maughan 1982; Price 1982; Bain 
et al. 1985b ), and similar approaches are needed to 
delineate habitat criteria for aquatic plants in res­
ervoirs. 

A variety of structural and functional habitat cri­
teria measured at a microscale can be used to better 
evaluate aquatic plants as fish habitat {Table 5). For 
example, aquatic plant species differ in morphology 
and spatial distribution. (Lillie and Budd 1992; 
Wychera et al. 1993; Dibble et al. 1996), and these 

likely influence fish behavior. Young 
bluegill preferred smaller interstitial spaces 
mm) within structural habitat over larger ones (350 
mm), and largemouth bass preferred structure with 
medium-sized spaces (150 mm) (Johnson et al. 
1988). Thus, proximate or microscale studies that 
quantify fish behavioral responses such as habitat 
preference, foraging efficiency, predator avoidance, 
and social attraction in vegetated areas are required 
to clarify the role of aquatic plants as fish habitats. 

Aquatic plant management is usually performed 
on a macroscale which necessitates the manage­
ment of fisheries on a compatible scale. For exam­
ple, there may be a trade off of catching fewer but 
larger fish at lower plant coverage (Maceina and 
Reeves 1996). Plants are mapped from remotely 
sensed data and GIS provide estimates on the areal 
coverage of submersed, floating, or emergent 

TABLE 5.-Microscale studies on structural and func­
tional role of fish habitat and variables potentially impor­
tant to evaluate the role of aquatic plants. Numbers cor­
respond to individual papers in the references section. 

Variable addressed 

Interstitial size and 
abundance 

Plant morphology and 
architecture 

Plant diversity 
Plant strata 
Shade effects 
Spatial complexity 

Stem density 

Effects on competition 
Effects on reproduction 

and recruitment 
Influence on foraging 

Prey resources and 
availability 

Refugia 

Reference 

Structural 

93, 111, 114, 178 

20, 26, 51, 111, 153, 197, 202 

194, 197 
58, 59, 111, 197 
so. 84, 94, 111, 114, 197, 202 
2, 20, 39, 40, 41, so. 68, 69, 93, 94, 

158, 164, 194 
2, 20, 40, 41, 51, 69, 71, 72, 83, 158, 

160 

Functional 

103, 131 
69, 76, 86, 101 

2, 29, 39, 40, 41, 44, so. 51, 59, 68, 
69, 71, 76, 77, 83, 87, 130, 13 1, 
ISS, 157, 158, 165, 177 

12, 26, SO, 51, 58, 59, 68, 70, 73, 77, 
79, 95, 102, 103, 112, 165, 131, 
141, 142, 150, 153, 164, 177, 178, 
191 

39, 40, 41, 43, 45, 68, 72, 77, 83, 87, 
131, 134, 155, 157, 158, 164, 188 

growth forms. Because boundaries of plant beds can 
be delineated from remotely sensed data (Marshall 
and Lee 1994), heterogeneity of different patches of 
plants can be identified. Thus, remote sensing tech­
niques can be used to spatially extrapolate fish­
plant relationships developed at the microscale to a 
larger scale. 

In conclusion, most investigations of fisheries re­
sources associated with aquatic plants emphasize 
static responses of only a few fish species at gross 
spatial levels. Conversely, most behavioral data on 
fish-plant- interactions- c-ome from- studies-of small-­
sunfishes. Few empirical data are available to 
bridge the theoretical predictions of responses by 
fish in plants at a microscale to population re-

. sponses of fishes at a macroscale. Addressing scale, 
structural variables within aquatic plants, and fish 
behavior will allow direct effects of aquatic plants to 
be identified and make it possible to extrapolate 
results. The role of aquatic plants as fish habitat and 
their value as a management tool in reservoirs then 
can be better defined. 
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